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INTRODUCTION 



The increased use of resin— bonded plywood for struc- 
tural parts of aircraft has made It necessary to determine 
the effect of various chemical properties of the resins 
on the strength properties of the resin "bonds. Informa- 
tion of this nature is needed to utilize the materials 
properly in "building satisfactory aircraft and to evalu- 
ate the causes of failures. Determination of the effect 
of acid on the strength and aging properties of various 
types of rosin bonds is one important phase of this work. 
This report presents the results of an investigation which 
was made to determine these r elat i onehips . 

The degree of acidity or hydrogen ion concentration 
can conveniently bo reported as a pE value which is the 
logarithm of tho r ocipr ocal ' of tho gram ionic hydrogon 
equivalents por litorj that is , pH = log l/H + per liter. 
Water has a concentration of -H+ ion of 10~ 7 and of QH~ 
ion of 10~ 7 moles por liter or a pH value of 7, and is 
said to be neutral in reaction. The presence of an acid 
in a water solution increases the concentration of hydro— 
gon ions. Honce the concentration of hydrogen ionB in an 
acid solution becomes 10~ 6 , 10~ B , or greater, and tho pH 
value is less than 7. The prosonco of an alkali in a 
water solution inoroases the concentration of hydrozyl 
ions and decieaeos that of tho hydrogen ions. Hence the 
concentration of hydrogon ions in an alkaline solution 
becomes 10~ B , 10~° , or less, and the pH value is greater 
than 7. Tho product of the hydrogen ion concentration 
and the hydroxyl ion concentration Is always equal to 
10~ 14 in aqueous medium at 25° G. The pH value has been 
usod throughout this report to .indicate tho dogroe of 
acidity of the various specimens. 

The two most commonly used typos of bonding agents 
in tho manufacture of rosin— bondoft plywood are the phenol- 
formaldehyde and the urea— formaldehyde resins. Both types 
are cured olther by tho "hot— sot" or the "cold— sot" method. 
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Since the demarcation "between ■cold-Bet" and "hot-set" 
"bonding resins has not "been definitely established in 
the industry, the resins used in this projeot were clas- 
sified according to the temperature required to oure the 
resin in a commercially practical period of time, as 
follows t 



Class H. These resins do. not requir* a higher de- 
gree of heat for curing than that available 
at ordinary room or factory conditions. 

Glass M. These resins require a degree of heat 
greater than that available at room or 
factory conditions, but not over l60° F 



(71° o 

Class E. These resins require a temperature 
greater than l60° J (71 p C ) . 



To obtain a satisfactory degree of cure pf elass E 
and some class M resins, it is necessary with most of 
the commercial rosins to use very aotive catalysts. One 
of the moat active catalysts for curing these types of 
resins is the hydrogen ion whloh is usually expressed in 
terms of pE units when the concentration is less than one 
molar* 

It is an established faet that wend deteriorates 
rapidly in acidic media. It is also known that uroa- 
formaldehyde resins are not as resistant to acid condi- 
tions as are phenolio resins. The work reported herein 
was designed to determine the effect of the pE sf the 
rosin bond on the strength properties of the resin-wood 
composito sinoe the failures may be in the resin, in the 
wood, or in both resin and wood. It should be noted, 
however, that the acid conditions in the resin-bonded 
biroh panels tested are attributable to the ingredients 
in the resin-glue mixtures and not to the wood or any 
extraneous source. 



This investigation, conducted at the Rational Bureau 
of Standards, was sponsored by, and conducted with finan- 
cial assistance from, the National Advinsry Committee for 
Aersnautics. 



The authors wish to acknowledge the assistance given 
by Mr. B. M. Axilrod and Mi3s M. C. Tordney in supplying 
the data on strength properties herein reported. 
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MAT EE I AL S 

A^group of commr)roial. resins which are being used to 
a great extent in the manufacture of rasin-boidod "plywood 
aircraft was b elected for this work. The commercial des- 
ignations and the manufacturers of the resins, and the 
classification of the various resins and resin-oatalyst 
mixtures on the "basis of the temperature required for cur- 
ing, are given in table I. 

The test panels were made with sliced birch veneers* 
having an avorago thickness of 0.01 inch. The thin ve- 
neers were used to obtain a higher resin content than 
that nornally usod in aircraft plywood. Since the acidic 
conditions result from the resin, a high rosin content 
would bo expected to magnify the effect of the pH or. the 
strength properties of the composite. 



PREPARATION OT TEST PANELS 

Tho rosin glues woro proparod according to directions 
roooivod from the manufacturers and were applied to tho 
birch veneers by moans of rollers. This mothod produced 
rosin films of uniform thicknoss on both sides of the vo- 
neors. Tho veneors coated with tho cl-.ss H rosins wore 
suspended from a drying rack pud allowed to dry about 20 
hours before assemblinc and pressing. The vonoors coatod 
with tho olaBS £ and class M resins wore assembled and 
prossed immediately nf tor coating. Each panel consisted 
of 8 birch veneers arranged with the grain of plies 1, 3» 
6, and 8 parallel to one another and with tho gr.-ii:: of 
plies 2, 5, and 7 perpendicular to tho face plies. All 
tho test panels wore pressed at approximately 100 pounds 
por square inch. 

The birch venocrs used in each panel were conditioned 
at 77 P (25° 0) and 50 percent relative humidity, and 
were weighed before tho resin coating was applied. The 
completed test panel was also conditionod and weighed. Tho 
resin content of the test -oanel was thon calculated by 
means of the following equation: 

_ . . wt. of teat panel - wt, of conditioned voneora.. , ori 

BeBin content, percent = — *= — ■ ■ ■ X 100 

wt. of teBt panel 



Three panels were prepared with each resin or resin- 
catalyst mixture. She panels made with class H resins 
were 12 by 12 inches in area; the panels made with class 

H and class M resins were 9 "by 9 inchos. The thickntfffB 

of the test panels were approximately 0.08 inch. The con- 
ditions used to cure the panels, the average densities, 
and tho average resin contents are given in tahle I. Tho 
densities wore determined by weighing and measuring ma- 
chined specimens. 



TESTIJTG PROCEDURE 
Aging 



Bach test panel was cut into quartors and treated 
as follows: 

1. One quartor section was not subjected to any 

aging treatment. 

2. One quarter section was boated in a forced-draft 

oven at I76 0 E (80° 0) for Ho hours. 

3. One quertor section was subjected to a continuous 

oven-fog cyclic accelorated r.ging test. The 
cycle in this tost consisted of the following: 



Exposure 
period 
(*r) 


Temperature 
(de K T) (do* C) 


Relative 
humidity 
(■Dorcont ) 


Apparatus 


2 


77 


25 


100 


Tog cabinet 


2 


150 


65 


<5 


Forced-draft oven 


2 


77 


25 


100 


Tog cabinet 


18 


150 


65 


<5 


Torcod-draft oven 



The sections were exposed for a total of 200 hours in tho 
oven and ^0 hours in the fog cabinet. 

H. One- quarter section was exposed on tho roof of the 
Industrial Building on racks at an angle of U5 0 facing 
south. This exposure test is still in progress. 
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Determination of pH 

A thin film of the rosins of olasa H and class H was 
oast on glass and allowed to dry for 15 hours' at a' 'tempera- 
ture of 70° to 73° I (21° to 26° C). She rosin film was 
then removod from tho glass and ground to a finonoss of 
40 mosh. Two grams of tho powdered rosin were suspended 
in 1C milliliters of distilled wator and tho pH of the 
suspension was measurod "by moans of a glass electrode 
aftor 15 minutos, and after 24, 48, 72, and 96 hours. Tho 
pH values woro constant after 72 hours. 

films were prepared from tho class H resins by cast- 
ing thorn upon a glass plate, using a knife blado to remove 
oleosa resin and make the thickness of the coating 0.02 
inch or loss. The cant films were placed in a circulating- 
air ovon at 150° P (65° G ) until examination showed that 
most of tho polvont had evaporated; this process required 
about 4 hours except in the cats «f Plaskon 107, which vas 
cured after 3 hours at 150° P (65° 0) and was not subjoctod 
to any fi:rthor heating. This drying was follow3d by a 
cure in tho oven at 300° P (.149° C) until tho films were 
hard and brittle, the lat.tar operation requiring about 30 
minutos. The hard.brittlo films were pulvorizsd in a 
suaII roc2c— crushing mortar and passed through a 40— mesh 
scroon. Tho pH values of the powdered films wero mcas\irod 
in the samo manner as thoeo c£ tho class B and tho class M 
f il^s. 

Tho acidity of tho tost panels was dotominod by 
grinding a portion of the panrl to 40 mesh in a "Jiloy 
mill and suspending 1 gram of tho powder in 5 milliliters 
of distilled water. Hoasur craont s of pH wore made aftor 
24, 48, and 72 hours. Tho pH values of tho water suspen- 
sions wnrc constant after 48 hours. 

Th3 pH of tho distillod wator usod in aaiing' thn 
resin suspensions wis 5.3. A few of tho rosin films and 
povdored panels wero also suspended in dilute hydrochloric 
acid solution of pE 4.5. The pE values of tho acid sub— 
ponaions are roportod in table II and did not diffor appre- 
ciably from thoso of tho water suspensions. All tho pE 
moasuromonts woro made at a tomporature of 77° P (25° 0) 
with a glass elootrodo. Tho measurements reported are 
accurate to ±0.05 pE unit. 
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Strength Properties 

The test specimens for determining the strength 
properties were cut from the quarter eoctions after the 
aging treatments. The specimens were machined and then 
conditioned at 77° P (25° 0) and 50 percent relative 
humidity prior to testing. All the tests were made at 
7?o F (25° 0) and 50 percent relative humidity. 

The flexural modulus of elasticity was measured on 
an Olsen Stiff nesa Tester, Tour-Marshall design. Speci- 
mens 5 inches long and 0.5 inch wide were cut from the 
panels. Two measurements were mado on each cpecimen, 
one on each end. The test span was 2 Inches long; the 
total "bending moment applied to the specimen was S inch- 
pounds. The angular deflections were plotted against the 
"bonding moments and the deflection at a stress of 2500 
pounds per square inch was determined from the curve. 
The modulus of elasticity in flexure then was calculated 
from the approximate expression 

229.2 PI* 
S = 

D a h B 

where 

E modulus of elasticity in flexure 
P load 

1 length of "beam 

D deflection, degroos 

a width of "beam 

and 

h thickness of "beam. 

This exprossion was dnrived from the formula for the de- 
flection of a cantilever boam with a concentrated load at 
one end. 

The flexural strength was measured on specimens 1.0 
inch long and 0,75 inch wide out from the panels. The 
specimen was supported on two parallel supports with a 
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span of 5/3 inch. The load vas applied at the center of 
the .span by a pressure pieoe similar to the supports. 
She odges of the support pieces and of the pressure piece 
wore rounded to l/8-inch radius. Tho tests were made on 
a hydraulic testing machine with a head Bpeed of 0.05 inch 
per minute. - The machine was accurate to 2 percent of the 
lowest appliod load. 

Tho impact tests wore made on an Isod impact machine 
of 2 foot-pounds capacity.' Specimens 2.5 inches long and 
0.5 inch vide wore cut from the panels. 

The tensile tests wore made according to the method 
described in soction B-~l of Federal Specification L— P— 406 
for plastics. Type I specimens were used; tho width of 
tho reduced soction was 0,5 inch. The tests were mado on 
a hydraulic testing machine with self— alining Templin 
grips. The rate of heftd speed was 0.05 inch per minute. 

Shear specimens 4 inches long and 0.75 inch wido 
wore cut from tho panols. A groove 1/ 8 inch wide and 
extonding through approximately 4-j; vcuoers was milled on 
one faoe of tho panel parallel to tho 0.75— inch dimension. 
A similar groove was milled on tho opposito face. The 
groovos on the spooimons used in the preliminary tests 
wero l/2 inch apart, but, slnco many tensile failures 
wero obtained, the distance betwoon tho grooves vas re- 
duced to l/4 inch on the lator specimens. The specimens 
wore broken on a hydraulic testing machine at a rato of 
loading of 200 pounds per square inch per minute. 



Dolamian t ion 

Ouo Btrip 0.5 inch wide cut from oach quarter section 
of each test panol was subjoctod to a delamination test. 
The strips wore placed in individual 3- by 20— centimotor 
tost tubes which contained distilled water previously 
heated to the boiling point by immersion of tho tubes in 
a water bath. The tubes containing the tost strips were 
loft in the bath of boiling water for 1 hour. On removal 
from the tost tubes tho spocimens wero immersod in water 
at 77° T (25° C) for 15 minutes and thon dried at 140° J 
.(60"° 0) in' a forced— draft oven for 22 hours. This pro— 
oodure constituted one oycle of the tost. At the end of 
eaoh cycle tho tost specimens wo-re bont ovor a mandrel 
of 8— inch radius. Aftor five cycles thn specimens were 
bent ovor a 4— inch mandrel. Observations regarding do— 
lamination wero mado. 
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RESULTS OT TESTS 



A preliminary investigation was made to obtain data 
for use in solooting the strength properties to he meas- 
ured on all the test panels. Six panels were prepared 
with Te&o film and six with Uforraite U30 catalyzed with 
10 percent ammonium chloride. Those two materials wore 
selected to determine the effects of high p.nd low pH con- 
ditions, respectively. One-hp.lf of each panel was tested 
unaged and the other half was subject od to an aging test 
prior to measurement of the strength properties. The 
strength properties measured in these preliminary tests 
were flexural modulus of elasticity, and floxural, impact, 
tensile, and shear strengths. The results are given in 
t ah 1 e II. 

On the basis of the rosults obtained in those pre- 
liminary tests, the size of the tost specimens required, 
and an analysis of tho stresses in tho various tests, it 
was decided to employ the flexural, impact, and shear 
strengths for detocting the deterioration of the resin- 
bonded birch plywoods. Tho critical pH valuos in the acid 
range - that is, the pE value below which serious degrada- 
tion of the plywood may occur "because of froe acid, .ob- 
served for the urea-formaldehyde and phenol— formaldehyde 
rosin-bonded panels in tho various physical tests, are 
summarized for convenience in table III. Potailed rosults 
of the tests are presentod in tables IV, T, VI, and 711. 
Tho results of the shear tests were not available at tho 
time this roport was propr.red r.nd will bo presented in a 
subsequent roport. 



DISCUSSIOH OP RESULTS 



Use of the various commercial resins with their 
catalysts selocted for this investigation resulted in pH 
valuos for birch plywood ranging from 1.7 to 6.U, (See 
table I.) The pE valuos for tho test panels made from 
the urea-formaldehyde materials r-"ng3d from l.g to 5 • 7 5 
the pE valuos for tho tost panels mpde from the phenolic 
matorials ranged from 1.7 to 8.4, Tost panels woro made 
also with a now rosin, Laminae, which is neither a phe- 
nolic nor a urea-formaldehyde type. Tho pE values for 
tho test panels made from Laminae rangod from 3.7 to U.O. 

The pE values of the birch plywood were not Affected 



9 



by moderate caking or by exposure to cycles of heat and 
fog. This Indicated that the acidic compounds determine 
ing the pE of the composite did not escape readily from 
the structure or did not react with the blroh or its de- 
composition products in such a way that they lost their ■ 
chemical identity. It would seem reasonable, therefore* 
to assume that the deterioration caused by pH would con- 
tinue until failure occurred. 

The results of the "preliminary tests reported in 
table II indicated that the weakening of the rosin-bonded 
birch plywoods was first evident in the flexural and im- 
pact strengths. Tentatively, the shear strength also 
appeared to be reduced early in aging treatments of the 
composite. In order to clarify this latter point* more 
data on shear strength are being obtained. The flexural 
modulus of elasticity and tensile strength did not ap- 
pear to be markedly affected in short-time aging tests. 

The floxural strength of the urea-formaldehyde resin- 
bonded birch plywopd depended markedly on the pH of the 
composite. This is shown by the data in table IT and 
graphically in figures 1 and 2. Those is apparently a 
critical pE value between 3.8 and U,6 for birch plywood 
bended with urea-formaldehyde resins, below which optimum 
flexural strengths are not obtained even on unagod mate- 
rial. The oven-aped specimens with pE values of 3.6 and 
less underwent a greater proportionate loss of strength 
than those with pE values of 3.8 and more. The ovon-fog- 
agod specimens with pE values of 3.8 and less underwent* 
with one exception* a greater proportionato loss of 
strength than those with pE values of and mora. This 

indicates that if optimum strengths are desired and if 
these strengths are to bo retained on aging* the pE of 
tho composite should bo greater than 3.8. 

The flexural strength of the phenolic resin-bonded 
panels did not show an exact correlation with pE* but an 
examination of the valuos in tables IT and TII shows that 
the presence of acid catalyst causes a decrease in this 
property In the unaged panels in every base. This de- 
crease was noticed especially with the panels prepared 
with the oatabond resins 590 and 2000Z, wherein concen- 
trated hydrochloric acid catalysts were used* It is well 
known that hydrochloric acid has a decidedly deleterious 
effect on most woods. There is apparently a oritical pE 
value for the initial flexural strength of plywood bonded 
with phenolic resin between 3.1 and 3.6. Xxposure to 
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both oven and oven— f og— aging treatments caused marked 
doorcases in floxural strengths when the pH values wore 
3.1 pr loss. The critical limit of pH vith respect to 
loss in strength on aging appears to he between 3.1 and 
3.6 for the phenolic— resin— "bonded birch panels. 

She impact strength of the plywoods bonded with 
urea— formaldehyde resins was also found to be dependent 
on the pH. This is shown by the data in table 7 and 
graphically in figure 3. The critical value of the pH 
for the unaged specimens appears to bo between 3.6 and 
3.8. Tor the oven— agod" and tho oven— fog— aged specimens 
thore appears to be a definitely greater loss in strength 
below a pE of 5.6, but tho specimens of 3.6 and higher 
pH also shoved appreciable loss in strength on aging. 
This indicates that the loss in impact strength on aging 
can bo attributed to both deterioration of tho wood at 
low pH and deterioration of the resin over the wholo pH 
rango investigated. It should bo noted that Plaskon 700-2 
is a modified urea— f orinaldohyde rosin having some of tho 
characteristics of a phenolic resin, which probably ac- 
counts for its greator initial impact resistance 

The impact strongth of the plywood panols bonded 
with phenolic resins shows tho same goneral relationship 
to pE as tho floxural strength values. In oach case, 
- the presence of acid catalyst caused a doorcase in 
strength. Tho lowest values wore again obtained with tho 
catabond resins catalyzed with hydrochloric acid. Tho 
critical pE value is apparently in the rango botwoon 3.1 
and 3.6. The critical pE for the ovon-agod spoclmons is 
botwoon 3.7 and 3.1. Tho ovon-f og— aged specimens with pH 
valuos of 3.1 and less undorwont a groator proportionate 
loss in impact strongth than those with pE valuos of 3.6 . 
and more. Sinco tho oven— fog— aging treatment is consid- 
ered to simulato natural aging moro closoly than the con- 
tinuous dry heat, the critical pE for tho phenolic resin, 
composites should bo considered as in tho range of 3.1 to 
3.6 on the basis of tho impact tests. 

Tho failure of the urba-f ormaldohydo resin— bonded 
materials in the dolaminat i on test is also affoctod by 
tho pE of tho plywood. The critical pE value in this 
test appears to bo botwoon 3.0 and 4.6 for both tho un— 
agod and the agod spocimens. 

Ho failuro of the phenolic resin— bondod composites 
occurred in tho do laminat i on test. The unaged and aged 
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epoclmezLB with pE values of 3.1 or loss wore brittlo in 
tho final flexibility tost on tho 4— inch mandrol. With 
ona exception, thoso with pH values of 3.6 or more wore 
floxlblo" throughout this" test i 

The critical pH for the phonolic resins is not 
definitely established by tho data in this report booause 
phenolic resin films in tho range of pH between 2.0 and 
4.0 were not included in the tests. Further work is un- 
der way to establish closer limits pn this critical pH. 
It is evident from tho pH values obtained on tho test 
panels that the pH of the resin— oatalyst mixture will 
have to be such that the pH at tho bond will bo above 3.1. 
It appoars, in gonoral that birch wood is subject to 
sorious deterioration when tho pH at tho bond is below 
about 3.5. 

It 1b to be expected that there also will bo a crit- 
ical pH in tho alkaline range abovo which resin— bondrd 
birch would bo subject to deterioration in strength. 
This point has not yot boon established in the experi- 
mental work on this project. 



CONCLUSIONS 



1. The pH values of the birch plywoods are not mark- 
edly affected by moderate baking or by exposure to cycles 
of heat and fog. 

3. The flexural and impact strengths, both initially 
and after aging, of biroh plywoods bonded with urea- 
formaldehyde resins are definitely affected by the pH. 
The critical pH value, below which optimum strengths are 
not obtained and deterioration upon aging becomes appre- 
ciable, lies between 3.8 and 4.6. 

3. The flexural and impact strengths, both initially 
and after aging, of birch plywoods bonded with phenolic 
rosins are definitely affected by the pH. The critical 
pH value, below which optimum strengths are not obtained 
and deterioration upon aging becomes appreciable, lies 
between 3.1 and 3,6. Hydrochloric acid has a decidedly 
deleterious effect on plywoods made with phenolio resins. 

4. The delamination of biroh plywoods made with 
urea— for bia ldehyde resine is affected by the pE. The 
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lower the pH, the fewer cycles required for delamlnation 
to occur. 

5. The delamlnation of birch plywoods made with 
phenolic resins is not affected by the pH. When the pE 
is 3*1 or lesB, the materials are not blb flexible as 
those with pH values of 3.6 or more. 



National Bureau of Standards, 
Washington, D . C. 

August 6, 1943. 
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TABLI I.- DI9CRIPTI0N OF RESINS AMD RTSIB-BONDED BIRCH PANELS 



ClBBSi- 

flca- 
tlon»- 



Condition! of Pure 
Teaperature Tlae 
°F hrrpln 




pH of 

Ret In pH of Realn-Bonded Blroh Plywood 
Plla UPlf^ Oven-Aged Own-Fog- Aged 



A. Orea-Foraaldehyda Realm 

Dforalta 4-30 
trroraite 430 
nforalte 4-JO 
Plaakon 201-2 
cuco *5 
Plaakon 250-2 
Pinion 107 
Plaakon 700-2 

Uforalte 1*30 
Ceeeo #5 



Railnoui Produota and Chealcal Co. 
Realnoua Produota and Chealcal Co. 
Railnoui Produota and Chealcal Co. 
Plaakon DiT. , Libbey-Owena-Ford Glaaa Co. 
Caaein Conpany of Aaerlca 
Plaakon Dir. , Libbey-Owena-Ford Glaaa Co . 
Plaakon Dir., Libbey-Owena-Ford Glaaa Co. 
Plaakon DiT. , Libbey-Owena-Ford Glaaa Co . 

Rtalnoua Produota and Chenioal Co. 
Caaaln Company of Aaerlca 



10% aaaonlua chloride 
10* 'Z' 
10* "T 1 

2* "A- 

5* "AA" 

None 

B-7 
aodlf ier 



None 
None 



Rooa 
Rooa 
Rooa 
Rooa 
Rooa 
Rooa 
300 
(Room 
I 150 
300 
300 



24:0 
24:0 
24:o 
24:0 
24:0 
24:0 
0:8, 
20:0) 
3:0j 
0:6 
0:30 



8:3* 
0.94 
0.93 
1.02 
ess 
0.96 
0.96 

1.00 

0.98 



33 
37 

I 

33 
35 



1.2 
1.6 
1.1 
2.6 

3-? 

It 
4,8 

7-7 
7-5 



1.9 
2.0 
2.4 

'■? 

3.6 

1:2 
4.6 

5-7 



2.1 



4.6 
6.0 



2.6 
3-3 

u 

*-7 
5-9 



B. Phenolic Reaina : 
Catabond 590 

Dura 1 1204-1 
Durei 114-27 
Catabond 200-OZ 

Bakellte XC-3931 
Bakallte XC-11749 

Catabond 590 
Bakallte XC-11749 
Bakellte XC-3931 
Catabond 200-OZ 
Durei 12041 
Caaoophen LT-67 
lego Flla 
Aaberlite PH-14 



Catalln Corporation 

Duras Flaatlca and Cheaicala, Inc. 
Durei Plaatica and Cheaicala, Inc. 
Catalln Corporation 

Bakellte Corporation 
Bakellte Corporation 

Catalln Corporation 

Bakellte Corporation 

Bakellte Corporation 

Catalln Corporation 

Durei Plaitioa and Cheaicala, Inc. 

Caiain Coapany of Aaerlca 

Realnoua Produota and Chealcal Co. 

Reiinoua Produota and Chealoal Co. 



11* hydrochloric acid (27.8*) 

10* 7"*22 
10* 71-22 

11* hydrochloric acid (27.8*) 



3* XX • 
45* XC - 

None 
None 
None 
None 
None 

8* B-18 
None 
None 



2997 
11753 



(Rooa 
( 150 
150 
150 
(Rooa 
I 150 
jRjO. 

Rooa 

300 
300 
300 
300 
300 
150 
300 

300 



24:0) 
l:o) 
24:0 
24:0 



24:0 

0:30 
0:45 
0:30 
0:30 
0:30 

24:0 
0:10 
0:12 



0.90 

?:8 
0.91 

0.90 
0!^ 

0.93 
0.97 
1.00 

0.97 
0.95 

0.80 
0.85 



37 

n 
31 

31 

31 
29 
21 
35 
37 
33 
37 
20 



1.6 l.T 



1.4 
1.4 
1-7 



1.9 
3.8 
5-9 

2:2 

8.2 



1.8 
1.8 
1.8 



1-9 2.7 



4.6 

1:1 

8.2 
8.4 



1.8 
1.8 

2.1 



J:? 



8.3 



2- 3 

i:l 

2.4 
3.0 

3- 3 

n 

4.7 
W 

8.0 



Other Re Bine 



Laainao 



American Cyanaaid Oompany 
laerloan Cyuuld Company 



li benzoyl peroxide 
1% lauxoyl peroxide 



(1S5 
(300 



0:301 
0:5 J 



Bio sir) 



0.83 



2.4 3-7 
2.8 4.0 



3.9 

4.0 



3.8 

4.0 



a. The raalna ara olaaaified according to the teaperature required to cure the reain. Claaa R lncludea thoae which 
cure quickly at rooa teaperature. Claaa H lncludea thoae which require a teaperature above rooa teaperature but not 
oyer l60°F to cure. Claaa H lncludea thoae whloh require a teaperature above l60°F to oure. 



TABLE II . - RESULTS OF PRELIMINARY TESTS MADE OK RE3IH-B0HDED BIRCH PLYTOODB 



Togo film 
Ditto 



Panel 
Dealgnatlon 



Den- 

Bi t 



Panela used for oven 
aging toBt 



Panel 1 
Panel 2 



el ty 

g/cm3 



O.79 
0.79 



Reeln 
Content 



20 
20 



. P" ■ 

Iii Iii 
Acid' Water" 



S.O 
8.2 



8.1 

a. 2 



Tenelle Strength 




13,000 
10,200 



i3„ooo 
10,900 



0 
+7 



Aver- 'loV of 
age Specl- 
Value mena 
lb/In* 



rieyural Strength 



19, U00 
20,000 



Aver- 
age 
Talue 



Affid 



Hi" of 
Specl- 
aene 



18,200 
17,600 



-6 

-12 



rieiural Hodulua of Elaatloltv 



Change 
In 

Strength 



Avar- 



Specl- 



ATer- 



1,200,000 8 
1,100,000 8 



loTof Chang* 
Sped- In 
■ena Strength 



900,000 
900,000 



Ditto 
Ditto 



Panela uaed for oven- 
fog aging teat 

Panel 3 0.S0 
Penel 4 0.81 



20 
20 



8.2 



8.* 
S.l 



13,300 
11,700 



13,700 
12,1100 



3 



14,4-00 
20,100 



14,200 
20,800 



-1 800,000 8 900,000 8 +12 

+3 1,200,000 a 1,400,000 » +17 



Ufoimlte 430 »lth 
10$ ammonium 

chloride catalyet 



Ditto 
Ditto 



Panela uaed for oven 
aging teat 

Panel 1 
Panel 2 

Panela uaed for oven- 
fog aging teat 

Panel 3 
Panel 4 



0-93 
0.91 



0.S9 
0.89 



33 
33 



33 
31 



1.9 
1.9 



1.9 

1.9 



1.9 
1.9 



2.0 
2.0 



7,200 
6,200 



5,300 
5,700 



6,900 
4,800 



4,200 
5,500 



-14 
-22 



-21 
-4 



13,700 
11,800 



14 , 200 2 
13,400 2 



11,600 
10,600 



8,4oo a 
6,500 i 



-15 1,300,000 4 1,100,000 s 

-10 1,200,000 4 900,000 8 



-41 1,200,000 4 1,200,000 8 

-51 1,400,000 4 1,400,000 « 



-15 
-25 



Izod Impact Strength, Unnotched. (Breaking Energy) 



Tego film 
Ditto 



Ditto 
Ditto 



Panela uaed for oven 
aging teat 



Panel 1 
Panel 2 



0-79 
0.79 



Panela uaed for oven- 
fog aging teet 



Panel 3 
Panel 4 



0.30 
0.81 



20 
20 



20 
20 



8.0 
8.2 



8.3 
8.2 



S.l 
8.2 



8.4 
8.1 



flatwise" 



age 
VBlue 



0.14 
0.12 



0.14 
0.18 



Ho. of 
Specl- 



Aged 

Aver- Ho. of 
age Snecl- 
Value mena 



dggwlae 



0.19 
0.12 



0.16 
0.13 



Chance 
In 

Strength 
* 



+14 
-28 



Aver- 
age 
Value 



0.23 
0.27 



0.27 

0.33 



7 

Speci- 
mena 



Aver- 
age 
Value 
ft- lb 



Ifo. or 
Speci- 
aepa 



0.27 
0.24 



O.25 
0.27 



Change 

In 
Strength 

* 



+17 
-11 



Aver- 
age 

Value 

lb/ln E 



470 
740 



1200 
530 



Shear strength 



Jo. of 
Bpeoi- 
jaena. 



Aver— 

>B» 

Tilue) 

lc/iS 



10. or 

flpeci- 



Cbanga 
In 

Strength 
% 



+11 
-43 



-46 
+70 



Uformlte 430 ulth 
10$ ammonium 
chloride catalyet 



Ditto 
Ditto 



Panela uaed for oven 
aging teet 

Panel 1 O.93 
Panel 2 0-91 

Panels uaed for oven- 
fog aging teat 



Panel 3 
Panel 4 



0.89 

0.39 



33 
33 



ll 



1.9 
1.9 



1-9 
1.9 



1.9 
1.9 



2.0 
2.0 



0.11 
0.10 



o.oa 
0.11 



0.09 
0.09 



0.05 
0.08 



-18 
-10 



-38 
-27 



0.21 
0.13 



0.14 
0.16 



0.13 
0.11 



0.07 
0.15 



-38 

-15 



200 
200 



26O 
210 



190 
210 



130 
130 



-5 
+5 



The pH of the water \iB«d in theee teBts *pe 6-3; thBt of the dilute hydrochloric 
ecid solution was 4.5. The pH of the wa.ter and dilute hydrochloric acid solution 
extracts of the birch veneere ueed in theee teats wsfl 4. 6. 



> 



TABLE III.- SGrtMABT OF CRITICAL pH VALUES TOIL BESHJ-BONEED BIRCH PLYWOOD* 

Critical value of pH in the acid range for resin-bonded birch plywood 



Property 

Tleniral strength 
Unaged 
Aged 

Impact strength 
Unaged 



Delamination 
Unaged 



Aged 



Urea-fonnaldehyde resin "bond 



Critical pH of 
resin film 1b 
in the range: 



k.O to k.8 
k.O to 



Critical pH of 
unaged panel is 
in the range: 



3.8 to U.6 
3.8 to k.6 



3.k to ll-.O 3.6 to 3.8 

Critical over complte range 
tested 



k.O to k.G 
k.O to U.6 



3.8 to k.6 
3.8 to KG 



Phenolic resin bond 



Critical pH of 
resin film is 
in the range.: 



1.9 to 3.8 
1.9 to 3.8 



1.9 to 3.8 
1.9 to 3.8 



Ho delamination. 
Brittle. 

1.9 to 3.8 
Ho delamination. 
Brittle. 

1.9 to 3.8 



Critical pH of 
unaged panel is 
in the range: 



3.1 to 3.6 
3.1 to 3.6 



3.1 to 3-6 
3.1 to 3.6 



Ho delamination. 
Brittle. 

3.1 to 3.6 
Ho delamination. 
Brittle . 

3.1 to 3.6 



Q 



a The critical pH is the pH below which serious degradation of the plywood may occur because of 
free acid. 



TABLE IV. - EFFECT OF pH OH FLEXURAL BTREHGTH Or RES IP- BONDED EIRCR PLYWOOD 



Comraarclal Designation 
of ,Reaf » 



Catalvat Added to Ream 



Claael- 

fica- 

tlOD 



Unaged Panel 



pH of 
Unaged 

Panel Average 



lb/in 2 lb/in 2 



FLEXURAL 



Ho. of 
Speci- 

menB Average 
lb/in 2 



Oven-Aged Panel 



STRENGTH 



lb/In 2 



No. of Obange 
Bpeci- in 
Bene Strength 



Average 

lb/in 2 



■Oven-Fog- Aged Panel 
No. of 



Range 



lb/in 2 



Sped- 
■ena 



Obange 
in 

Strength 



Urea-Formaldehyde Reelna 

Uformlte 430 
Uformlte 430 
Uformlte 430 
Plaakon 201-2 
Ceaco #5 
Plaakon 250-2 
Plaakon 107 
Plaakon 700-2 
Uformlte 1*30 
Caaco #5 



10^6 ammonium chloride 
10* "Z" 
10* "Y" 

2* "A" 

5* "AA" 
None 
li B-7 

l6* "modifier" 

None 

None 



1-9 
2.0 
2.4 

u 

4,6 
5-7 



13,200 

14 , 300 
15,800 
IS, 400 
20 , 500 
19,000 
20,000 
21,900 
22,700 
23,100 



10,800-15,500 
11,300-15,600 
14,600-17,400 
16,900-19,800 
18,800-22,300 
17,100-19,600 
16,500-21,200 
20,500-23,400 
20,700-25,700 
19,300-26,600 



12 
12 
12 
12 
12 
1? 
15 
12 
15 
13 



11,100 
12,600 
13,900 
17,200 
16,700 
16 , 700 
20,400 
22,900 
22,800 
23,000 



9,900-12,800 
11,100-15,000 
11,500-15,600 
15,800-18,900 
13,400-19,700 
12,800-19,600 
18,200-21,200 
20,300-25,700 
19,500-27,400 
19,600-25,600 



8 
12 
11 
IS 

11 

12 
12 
12 
15 

15 



-15.9 
-11.9 
-12.0 

-6.5 
-18.5 
-12.1 

+2.0 

+5-0 
+0.4 
-0.4 



7, +00 
10,100 

12,600 
15.100 
15,700 
16,000 

17,200 
21,300 
19,200 
21,200 



5,600-9,400 
7,800-12,200 
9,600-14,200 
12,300-17,700 
12,200-20,700 
15,200-17,700 
16,000-2.0,400 
15,900-24,800 
17,000-24,100 
16,600-26,700 



16 
12 
11 
12 
12 
12 
12 
12 
15 
13 



-43.9 
-29.4 
-20.2 

-23! 2 
-15. S 

-i4.o 



Phenolic Reelna 

Catabond 590 
Durer. 12041 
Durer 11427 
Catabond 200- 02 
Bakellte XC-3931 
Bakellte XC-11749 
Catabond 590 
Bakellte IC-11749 
Bakellte XC-3931 
Catabond 200- CZ 
Durer 12041 
Caacophen LT-67 
Tego film 
Amberllte PR-14 



11* hydrochloric acid (27-8?' 
10* 7422 


II 


1-7 


io,«;oo 


12 


1-7 


i9,4oo 


10* 7422 


M 


l.S 


20,200 


11* hydrochloric acid (27.8*) 


II 


1.8 


11,700 


3* XK-2997 

45* xk-11753 


!l 


2.7 


17,300 


R 




18,400 


None 


H 


1:1 


24,000 


None 


H 




24,600 


None 


H 


l '\ 


23,600 


None 


H 


4.5. 


24,000 


None 


H 


5.0- 


24 , 700 


8* H-1S 


U 


6.4 


21 , 900 


None 


H 


8.2 


19,700 


None 


H 


8.4 


21,800 



6,800-12 
17,300-20 
16,700-21 

8,800-17 
15,200-19 
1^,400-19 
21,300-25 
22,100-26 
18,100-30 
21,300-25 
22,400-28 
17,600-24 
14,400-21 
16,000-25 



,700 
,600 
,800 
400 
,900 
700 
SOO 
800 
000 
,800 
700 
,200 
,000 
300 



12 
1? 
1? 
12 
12 
12 
15 
15 
15 
15 
15 
12 
10 
15 



11,100 
19,000 
16,200 
13,100 
16,200 
17,700 
26,700 
27,900 
25,100 
26,500 
26 , 500 
25,400 
17,900 
22,600 



8,700-12, 
17.100-21, 
l c ,100-20, 
10,800-16, 
10,600-20, 
12,500-23, 
23,400-29, 
23,300-29, 
22,900-28, 
23,000-29, 
21,700-3(1, 
23,200-27,- 
16,000-19, 
20,100-25 



500 
800 
•500 
900 
000 
100 
700 
700 
900 
200 
700 
100 
200 
600 



IS 

11 

12 
12 
1? 
12 
15 
15 
15 
15 
15 
12 
4 
15 



+5-7 

-2.1 
-9.9 
+12.0 

- 6.4 

- 3.8 

+ 11.2 
+ 13.4 

+6.4 
+10.4 

+7-3 
+16.0 

-9.1 

+3-7 



9,300 
13.500 
11,800 

9,800 
11,600 
1?,900 

21,700 
21,900 

24,800 
25,000 
23,800 
21,900 
17.500 
20,500 



7,800-11 

10,100-15, 
9,900-13 

7,000-12 
8,800-13 
8,700-15 
18,100-25; 
18,300-24, 
23,300-26 
19,900-27, 
21,300-27 
19,100-24 
13,900-21, 
18,600-24, 



600 
300 
900 
600 
600 
300 
200 
100 
300 
300 
100 
100 

700 

400 



12 
12 
12 
12 
12 
12 
15 

15 
15 
15 
15 
IP 
8 
15 



-11.4 

■JS:\ 

-16.2 
-32.9 
-29.9 
-9.6 
-11.0 
+5.1 
+4.2 
-3.6 

-11.2 
-6.0 



Other Reelna 



Laminae 
Laminec 



1* benzoyl peroxide 
1* lauroyl peroxide 



15,300 
18,800 



12,700-18,500 
17,000-21,000 



13 
15 



19 , 800 

19 , 500 



12,400-23,300 
15,000-20,700 



15 
15 



+29-4 
+3-7 



17,800 16,900-19,600 12 
16,300 12,200-19,800 15 



+16.3 

-13.3 



2 
> 

> 



TABLE V.- EJTECT OF pB ON IMPACT STRENGTH or RESIN- BONDED BIRCH PLTIOOD 



Commercial Deelgnation 
of Reiln 

urea-formaldehyde Retina 

Uformlte 1*30 : 
Uformlte 430 
Oformlte 430 
Ploekon 201-2 
Caeco 5 
Plaakon 250-2 
Plaakon 107 
Plaakon 70O-2 
Uformlte 430 
Caaco 5 



Catalvat Added to Realn 



10* aa-nonlum chloride 

10* -z- 
10< -v 

2* -A- 
5* 1 AA" 

None 

7* "B-7- 

16* modifier 

None 

None 



ClaeBlf 1- 
Qfltlon 



pH of 

Unaced 

Panel 



1-9 
?.0 
2.4 

3.4 
3.6 

?:! 

It. 6 
5-7 



IZOD IMPACT STRENGTH . UHHOTCRED (BREAKING ITIEHOT/TRIcmaB) 



Average 
Value 



Una Red Ppnel 



Henge 



No. of 
8peclmenfl 



ft-lb/ln ft-lb/ln 



2.0 
2.0 
2.0 
2.2 
2.2 
2.2 
2.81 

4.oJ 

3-0 
3.0 



1.1-2.5 
1.5-2.8 
1.9-2.0 
1.8-2.5 
2.0-2.4 

1.5- 2.8 

2.6- 3.1 
3.6-4.2 
2.8-3-3 
3-0-3-2 



12 
6 
6 
6 
6 
6 

18 
6 

IS 

15 



Oven-Aged Panel 



Average 
Value 

ft-lb/ln ft-lb/ln 



lo. of Change In Average 
Range Snaclmene Strength Value Range Speblmena Strength 



Oven-Tog-Aged Panel - 

No. of - Change In 



1.4 
1.1 

1:1 

1.4 
1.6 
2.8 

3-S 
2.6 
2.8 



1.2-1.6 
0.8-1.6 
1.1-1.5 

1.6- 2.2 
1.1-1.6 

i.S-i.a 

2.7- 2-9 

2-9-3-8 

2.5-2.9 

2-7-3-0 



8 

6 
6 
6 
6 
6 
18 
6 
18 
13 



-30.0 
-30.0 
-35-0 
-18.2 
-36.4 
-27-3 
0 

-20.0 
"-i.-7 



ft-lb/ln ft-lb/ln 



1-3 
1.2 
1-5 
1.8 

1- 7 
1>8 

2- 3 

2.5 

2-5 
2-5 



0.8-1.8 
0.9-1.6 

1.4- 1.8 

1.1- 3-0 

1.5- 1.9 
1.8-2.1 

2.2- 2.3 

2.1- 2.7 

2.2- 2.7 
2.0-2.9 



8 

6 
6 
6 
6 
6 

18 

6 

18 



-35.0 

-40.0 
-25.0 
-18.2 
-22.7 
-18.2 
-17.9 

-16.7 



B. Phenolic Realnf 

Catabond 590 
Suez 12041 • 
Ouroi 11427 
Catabond 2CO-CZ 
BaJtellte IC-3931 
Bakellte IC-11749 
Catabond 590 
Bakellte IC-11749 
Bakellte XC-3931 
Catabond 200-CZ 
Durei 12041 
Caacophen LT-67 
Tego file: 
Amberllte PR-14 



11* hydrochloric acid (27. si) 

10* 7422 
10* 7422 

11* hydroohlorlc acid (27.8* 

3* IX-2997 

&5* Ht-11755 

Rone 

Rons 

None 

Nona 

None 

8* 11-18 

None 

None 



1- 7 
1.8 
1.8 
1.8 

2- 7 

u 

4.6 

1:2 
8.2 
e.4 



1- 3 

2- 3 
3.0 
1.4 
2.2 
2.0 

3- 4 
2.6 
3-2 

3-5 

3.3 

2-7 

3.0 
3.0 



1.2- 1.5 

2.0-2.5 
2.5-3-5 

1.3- 1.6 

2.0-2.4 

1.9-2.3 

3.2-3.6 

2.4- 2.9 
3-1-3-3 
3-2-3-6 
3-1-3-4 

2.4- 3.0 

2.5- 3-7 
2.7-3.I 



6 
6 
6 
6 
6 
6 
17 
IS 
IS 
IS 
IS 
6 
23 
IS 



0.7 
2.1 
2.0 
1.2 
1.4 
2.0 
3-1 

1:1 

*! 
2.6 

2.8 

3.6 



0.5-0. 8 
1.6-2.7 

1.8- 2.1 
0.9-1.5 
I.3-I.6 

1.6-2.7 
3.3-3-5 

2.9- 3-2 

2- 5-3-6 

3- 7-3-9 
3-3-3-5 

mi 
2.9-3.7 



6 
6 
6 
6 
6 
6 
18 

IS 
IS 
IS 
IS 

6 
s 

IS 



-46.2 
- 8.7 
-33-3 
-14.3 
-36.4 

0 

0 

+19.2 
+6.2 
+8.6 
+3.0 

:U 

+20.0 



0.8 
1.6 
1-3 
1.1 
1-5 

1- 3 
2.9 

2- 5 
2.8 
3.0 
2.7 

1:1 
3.0 



0.7-0.9 

1.2-1.8 
0.9-2.0 
0.9-1.2 
1.4-1.5 
1.2-1.5 
2.8-3.1 
2.1-2.9 

2- 7-3-0 

3- Or3-l 
2-3-3-1 
2.0-2.3 

2.8- 2.9 

2.9- J.2 



6 
6 
6 
18 
18 
IS 
18 
18 
6 
8 
18 



-38.5 

-30.4 
-56.7 

-21.4 
-31.8 
-35.0 
-14.7 
- 3-9 
-12.5 
-14.3 
-18.2 
-14.8 
-3-3 
0 



Other Realn* 



Laminae 1* btaroyl peroxide H 3.7 3.5 3-7-4.2 18 4.0 3.8-4.1 18 +2.6 3.6 3-3-4.0 IS -7.7 

Laminae 1* lanroyl peroxide H 4.0 4.7 4.4-5.1 18 4.8 3.5-3-8 18 +2.1 4.2 3.6-4.7 18 -16.4 



-4 



TABLE VI.- EFFECT OF pH OH DELAUINATION OF RESIN- BONDED BIRCH PLYWOOD 



Commercial Designation 
of Resin 



Catalyst Added to Resin 



Classlfi- 
oatlon 



pH of Unaged 
Panel 



Condition of Specimen after 

Delamlnatlon Test a 

Unaged Oven- Aged Oven- Fog- Aged 



Panel 



Panel 



Panel 



A. Urea-Formaldehyde Resins 

Uformlte 430 
Uformlte ^30 
Plaskon 201-2 
Casoo 5 
Plaskon 250-2 
Plaskon 107 
Plaskon 700-2 
Uformlte 430 

Caaoo 5 



10ft "Z" 
lOjt "T" 

5$ "AA" 

None 
7$ "B-7" 
lOf> modifier 
None 



None 



5-7 



Slii 

D 

h 

ND;F(5) 



S|S1 

Si*! 

SSI 

Ml) 



D(l) 

SIS 

Oil) 



5) 



B. Phenolic Resins 

Catabond 590 
□urez 12041 
Durez 11427 
Catabond 200- CZ 
Bakelite XO-3931 
Bakelite XC-11749 
Catabond 590 
Bakelite XC-11749 
Bakelite XC-3931 
Catabond 200-CZ 
Durez 12041 
Cascoohen LT-67 
Amberllte PR-14 



111 hydrochloric acid (27.8ft) 
lOjt 7422 
10ft 7422 

111 hydrochloric acid (27.856) 

3* XK-2997 

45* XK-11753 

None 

None 

None 

None 

None 

Hf, M-1S 

None 



1.7 
1.8 
1.8 
1.8 
2-7 

w 

l'\ 

4.6 
5.0 
6.4 
S.4 



NDiB(5) 
ND;B(5) 
NDiB 5) 

ND;B(5) 

nd;b(5) 

ND;B(5" 

ND;F(5 

ND;F(5 

ND;F(5) 

ND;F(5) 

ND;F(5) 

ND;F(5) 
ND;F(5) 



ND;B(5) 
ND;B(5) 
ND;B(5) 
ND;B(5) 

ND;b(5) 
ND;b(5) 
nd;f(5) 
nd;f(5) 
nd;f(5) 

ND;F(5) 
ND;F(5) 

ND;F 5 
ND;f(5) 



nd;b(5) 
nd;b(5) 
nd ; b(5) 
nd;b(5) 
ND;B(5) 
nd;b(5) 
ND;F(5) 
ND;F(5) 
ND;F(5 
ND;F(5) 
HD;F(5) 



ND;B(5) 

ND;r(5) 



Other Resins 
Laminao 

Laminae 



1% benzoyl peroxide 
lft lauroyl peroxide 



3-7 
4.0 



SD(1); 
F(5) 

'Sfei' 



8D(1); 
F(5) 

■SIS' 



"The specimens were subjected to 5 cyolee of immersion in boiling water 
and drying, described on page 8 . Figure in parenthesis refers to 
cycle in which observation was made. Abbreviations are as follows: 



D » delaminsted 
SD « slightly delaminated 
ND - no delamlnatlon 

B - brittle 

F •= flexible 



Z 
> 

> 



W-46 

I 



TABLE VI. — EFFECT OF CATALYST ON FLEXURAL AND IMPACT STRENGTHS OF RESIN- BO VDED BIRCH PLYWOOD 



Commercial Designation 
of Healn 

A. Urea-Formaldehyde Resins 

Uformlte 430 



Caeco 5 



pH of Unaged 
Catalyst Added to Reeln Panel 



None 4.6 

lOjl »Y" 2.4 

10jt "Z" 2.0 

10> Ammonium Chloride 1.9 

None 5.7 

5< "AA" 3.4 



Loea In Flemiral Strength* 
Unaged Oven- Aged Oven-Fog-Agad 



Panel 



30 
11 



Panel 



51 



li 



27 



_Panel_ 



6l 



Unaged 
Panel 



Lou In I tod Impact Strength 

Oven- Aged Oven-Fog- Aged 



33 
33 
33 



27 



_Panel_ 



11 
46 



50 



Panel 



4o 

11 



B. Phenolic Realm 
Catabond 590 

Durer 12041 

Catabond 200-CZ 

Bakellte XC- 11749 

Baxellte XC-3931 



None 

11$ Hydrochloric Acid (27. 81b) 
None 

10* 7422 
Rone 

11% Hydrochloric Acid (27.«*) 
None 

45* XK-11753 
None 

3* XK-2997 



3-9 
3.1 

2-7 



56 

21 

5l" 

25 
27 



51 
2g 

i" 
37" 
35 



57 
IV 

4l~ 
53" 



6a 
"30 
"io" 
"ST 
"31" 



79 
"38 
"is 
li 
"59 



78 
~4S~ 



Decrease in strength for the unaged, oven-aged, and oven-fog-aged panels, 
respectively, 1b calculated on the bpsls of the strength of the unaged, 
oven-aged, and oven-fog-aged panels, respectively, made without catalyst. 



to 



Urea-formaldehyde 
resin 



Resin 

1, Uformite 430 

2, Uformite 430 

3, Uformite 430 
4,. Plaskon 

5, Casco 5 

6, Plaskon 25Q-2 

7, Plaskon 107 

8, Uformite 430 

9, Plaskon 700-2 
10, Casco 5 



Catalyst 
10$ NH4CI 
Z 
Y 
A 
AA 



10% 
10% 

lot 

None 

7$ B-7 
None 

16ft Modifier 
None 



24,000 



22,000 



a 

•H 



~ 20,000 
5 



01 



18,000 



4) 
r-H 



16,000 



14,000 



• 
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03 














III Him 


2< 
















Ti utii 11 
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PH 

Figure 1. 



NACA 



Fig. 2 



Urea-formaldehyde 
rosin 



.Resin 

1, Uformite 430 

2, Uformite 430 

3, Uformite 430 

4, Plaskon 

5, Casco 5 

6, Plaskon 250-2 

7, Plaskon 107 

8, Uformite 430 

9, Plaskon 700-2 
10, Casco 5 



Catalyst 
1056 NH4CI 
10$ Z 
10$ Y 
10$ A 

5$ AA 
None 
7# B-7 
None 

16$ Modifier 
None 




Figure 2. 
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